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(57) ABSTRACT

A method monitors at least one system parameter which
influences an operating property of vehicles or trains of
vehicles, using an adaptable theoretical model which gener-
ates a theoretical behavior of a vehicle or train of vehicles
from operating data of the vehicle or train of vehicles. The
method includes determination of a real behavior of a vehicle
or train of vehicles from operating data such as acceleration
and/or deceleration of the vehicle or of the train of vehicles,
comparison of the real behavior of the vehicle or train of
vehicles with the theoretical behavior of the vehicle or train of
vehicles, and monitoring of the system parameter by the
theoretical model if the theoretical behavior of the vehicle or
train of vehicles corresponds to the real behavior of the
vehicle or train of vehicles.
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METHOD FOR MONITORING AT LEAST
ONE SYSTEM PARAMETER WHICH

INFLUENCES THE OPERATING BEHAVIOUR
OF VEHICLES OR TRAINS OF VEHICLES

BACKGROUND

The invention relates to a method for monitoring at least
one system parameter which influences an operating property
of vehicles or vehicle trains.

Increasing requirements in terms of operational satety, reli-
ability, efficiency and optimized maintenance cycles make 1t
necessary to monitor the operating properties and the operat-
ing state of vehicles, i particular of rail vehicles. Important
system parameters of rail vehicles which are to be monitored
within the scope of the operating behavior are, for example,
the rolling properties, the cornering behavior and the driving,
behavior and braking behavior.

Monitoring devices which determine the operating prop-
erties and the operating state of rail vehicles, 1n particular of
the bogies thereot on the basis of sensors, are known from the
prior art, for example from DE 198 27 271 B4. However, the
wider the scope of monitoring, 1.e. the more system param-
cters have to be momitored, the expenditure in terms of sen-
sors becomes greater, resulting i complex monitoring
devices with relatively high costs and relatively low availabil-

1ty.

SUMMARY

Embodiments of the disclosure make available a method
for monitoring at least one system parameter which influ-
ences an operating property of vehicles or vehicle trains,
which method can be implemented with relatively low expen-
diture.
Embodiments of the disclosure provide a method for moni-
toring at least one system parameter which influences an
operating property of vehicles or vehicle trains using an
adaptable theoretical model which generates a theoretical
vehicle behavior or vehicle train behavior from operating data
of the vehicle or vehicle train, containing the following opera-
tions:
¢) determination of a real vehicle behavior or vehicle train
behavior from operating data such as acceleration and/or
deceleration of the vehicle or of the vehicle train,
d) comparison of the real vehicle behavior or vehicle train
behavior with the theoretical vehicle behavior or vehicle
train behavior, and
c1) monitoring of the system parameter by the theoret-
cal model 1f the theoretical vehicle behavior or vehicle
train behavior corresponds to the real vehicle behav-
10r or vehicle train behavior and

c2)1f the parameter exceeds or drops below a predefined
limiting value and/or lies outside a predefined limit-
ing value range, generation of a fault message and/or
generation of instructions for the vehicle driver and/or
automatic 1nitiation of countermeasures, or

c3) adaptation of the theoretical model until the theo-
retical vehicle behavior or vehicle train behavior cor-
responds to the real vehicle behavior or vehicle train
behavior, and if a deviation between the system
parameter acquired with the ornginal theoretical
model and the system parameter acquired with the
adapted theoretical model does not exceed or does not
drop below a predefined limiting value and/or lies
within a predefined limiting value range, continuation
with step ¢2), or
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c4) generation of a fault message relating to the presence
of a fault or of destruction at the vehicle, at the vehicle

train and/or in the theoretical model 1f the deviation
between the system parameter acquired with the
original theoretical model and the system parameter
acquired with the adapted theoretical model exceeds
or drops below the predefined limiting value and/or
lies outside the predefined limiting value range.

With these measures, relatively precise momnitoring of
vehicle system parameters 1s possible with reduced expendi-
ture on sensors.

As a result of the measures provided by various embodi-
ments of the disclosure, advantageous developments and
improvements of the imnvention are possible.

The operating data of the vehicle or of the vehicle train also
may continue to contain request signals of the driver, route
data, vehicle data and the like.

According to one embodiment, the at least one system
parameter which 1s to be monitored 1s a safety-relevant sys-
tem parameter such as the braking power of the vehicle or of
the vehicle train.

Last but not least, the mitiated countermeasure may be
rapid braking.

More precise details can be found 1n the following descrip-
tion of embodiments of the disclosure.

An exemplary embodiment of the invention 1s illustrated
below 1n the drawing and explained in more detail in the
following description. In the drawing, the single FIGURE
shows a schematic flowchart of an exemplary embodiment of
the method according to the disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

According to at least one embodiment, a method may be
applied 1n a vehicle train composed of rail vehicles containing
both any desired motorized traction vehicles and also any
desired wagons which are not driven and are coupled to the
traction vehicles, as well as in multiple rails units.

The method may serve for monmitoring at least one system
parameter which influences an operating property of the
vehicle train using a theoretical dynamic model 102 which
can be adapted to the real conditions.

The at least one system parameter which 1s to be monitored
and which influences the operating behavior of the vehicle
train may be a safety-relevant parameter such as, for example,
the braking power of the vehicle train.

Theoretical dynamic model 102 generates a theoretical
vehicle train behavior relating to the respective journey from
operating data of the vehicle train. It 1s, therefore, possible to
use the theoretical dynamic model 102 to make predictions
about the vehicle train behavior as a function of the operating
data, which are currently present.

These operating data contain, for example, data about the
route profile (route information) and data about the vehicle
train (vehicle information) such as, for example, the inclina-
tion (positive gradient, negative gradient) of the route section,
the curve radi1 of the route section, the characteristics of the
vehicle train drive, the braking behavior of the vehicle train,
and the weight and the load of the vehicle train, as well as
request signals of the vehicle train driver such as power
request signals to the drive machine from the driving lever
position or braking request signals to the brakes from the
brake lever position or the brake pressure. These operating
data may be known or are measured using a sensor and/or
acquired using operation control technology i modemn
vehicles.
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Furthermore, according to a method operation performed
at 101. 1llustrated in the FIGURE, the real vehicle train behav-
1or may be acquired during operation of the vehicle train on
the basis of position and speed, for example, using Global
Position System (GPS) or control technology, and the posi-
tive or negative acceleration of the vehicle train may therefore
be determined. These measurements require only minimal
SENSor systems.

Within the scope of a further method operation performed
at 103, a comparison takes place between the real vehicle
behavior and the predictions of the dynamic model. For this
purpose, the theoretical vehicle train behavior may be deter-
mined based on the operating data which are currently
present, using the dynamic model 102.

When the theoretical vehicle behavior corresponds to the
real vehicle behavior, the system parameter to be monitored
may be monitored further according to the method operation
performed at 104, here for example, the braking behavior of
the rail vehicle train. The monitoring may be carried out here
using the theoretical model 102, which, it has become appar-
ent, sulficiently precisely models the reality up to this time. If
the theoretical dynamic model 1s not suificiently precise, it
may be adapted at 107, for example, by virtue of the fact that
the model 102 may contain seli-learning algorithms.

If the monitoring by the theoretical model 102 reveals that
the respective system parameter would have to be adapted as
described below 1n such a way that 1t would exceed or drop
below a predefined limiting value or would lie outside a
predefined limiting value range within the scope of at least
one fault criterion 105, a fault message 106 may be generated.
In addition to or instead of the fault message, instructions for
the vehicle driver can also be generated and/or countermea-
sures, such as, for example, rapid braking, may be automati-
cally imtiated.

Therefore, 11 the braking power, which may form the
safety-relevant parameter which 1s to be monitored, lies
below a threshold value of the maximum possible braking
power, a fault message may be generated. In addition, a brake
emergency operating program can be mitiated and, for
example, the maximum speed of the vehicle train can be
automatically limited from a possible maximum speed to a
maximum speed which 1s permissible 1n view of the reduced
braking power.

On the other hand, 1f the continuously adapted system
parameter which 1s monitored by the theoretical model 102
and described as below does not exceed or drop below the
predefined limiting value or remains within the predefined
limiting value range, the monitoring may be continued using
the dynamic model until a deviation occurs (see operation at
109).

However, 11 there 1s no complete correspondence between
the real vehicle behavior and the theoretical vehicle behavior,
the theoretical model 102 may be adapted within the scope of
an adaptation step 107 until the theoretical vehicle behavior
corresponds to the real vehicle behavior. However, adaptation
ol the theoretical model 102 1n combination with parameter
monitoring may be possible only 1f a deviation between the
parameter which 1s acquired with the original theoretical
model 102 and the parameter which 1s acquired with the
adapted theoretical model 102' does not exceed or drop below
a predefined upper limiting value and/or lies within a pre-
defined value range. In this case, only a slight deviation
occurs between the parameter which may be acquired with
the original theoretical model 102 and the parameter which
may be acquired with the adapted theoretical model 102'. The
process then continues with the method operations performed
at 104 to 106 or 109, as described above.
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If the deviation between the parameter which 1s acquired
with the original theoretical model and the parameter which 1s
acquired with the adapted theoretical model exceeds or drops
below the predefined limiting value and/or lies outside the
predefined value range, the deviation may be too large. A fault
message 108 relating to the presence of a fault or disruption in
the vehicle train and/or 1n the theoretical model 102 may then
be generated.

It should be noted that not only a system parameter which
influences the operating behavior of the vehicle train can be
monitored with the method but also a plurality of parameters
can be monitored 1n parallel. Last but not least, the method
can be applied not only for monitoring vehicle trains but also
individual vehicles such as rail vehicles and road vehicles.

The mvention claimed 1s:

1. A method for monitoring at least one system parameter
which influences an operating property of vehicles, the
method comprising:

acquiring operating data during operation of a real vehicle,

the operating data being measured using at least one
SeNnsor;

determining real vehicle behavior based on the operating

data of the vehicle:

comparing the real vehicle behavior with theoretical

vehicle behavior determined using an original theoreti-
cal model; and

monitoring the at least one system parameter 11 the theo-

retical vehicle behavior corresponds to the real vehicle
behavior,

wherein, 1f the at least one system parameter value lies

outside a predefined parameter value range, the original
theoretical model 1s adapted to adapt the original theo-
retical model to provide an adapted theoretical model
until the theoretical vehicle behavior corresponds to the
real vehicle,

wherein the method further comprises generating and out-

putting at least one of a fault message and 1nstructions
for the vehicle driver via a vehicle driver interface and
initiating at least one countermeasure, and

wherein the method further comprises, if a deviation

between the at least one system parameter acquired with
the original theoretical model and the at least one system
parameter acquired with the adapted theoretical model
lies within a predefined deviation value range, the at
least one system parameter acquired with the adapted
theoretical model 1s monitored but no fault message, or
instructions are generated until the deviation value no
longer lies within the predefined deviation value range.

2. The method of claim 1, wherein the operating data of the
vehicle contain request signals of at least one of the driver,
route data, and vehicle data.

3. The method of claim 1, wherein the monitored at least
one system parameter 1s a safety-relevant system parameter.

4. The method of claim 1, wherein the countermeasure 1s
rapid braking.

5. The method of claim 3, wherein the safety-relevant
system parameter 1s the braking power of the vehicle.

6. The method of claim 1, wherein the original theoretical
model 1s an adaptable theoretical model configured to gener-
ate the theoretical vehicle behavior based on historical oper-
ating data of the vehicle.

7. The method of claim 1, wherein the operating data
includes at least one of acceleration and deceleration of the
vehicle or of the vehicle train.

8. A system for monitoring at least one system parameter
which ifluences an operating property of vehicles, the sys-
tem comprising an adaptable theoretical model configured to
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generate theoretical vehicle behavior from operating data of
the vehicle, the system comprising:
means for determiming real vehicle behavior based on oper-
ating data of the vehicle;
means for comparing the real vehicle behavior with the
theoretical vehicle behavior;

means for monitoring the at least one system parameter to
determine if the theoretical vehicle behavior corre-

sponds to the real vehicle behavior;

means for generating and outputting at least one of a fault
message and instructions for the vehicle driver and 1ni-
tiating at least one countermeasure 1f the at least one
system parameter value lies outside a predefined param-
cter value range; and

means for adapting the original theoretical model to pro-
vide an adapted theoretical model, wherein the adapta-
tion continues until an adapted theoretical vehicle
behavior corresponds to the real vehicle or vehicle,

wherein 11 a deviation between the at least one system
parameter acquired with the original theoretical model
and the at least one system parameter acquired with the
adapted theoretical model lies within a predefined devia-
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tion value range, the means for monitoring continues to
monitor the at least one system parameter acquired with
the adapted theoretical model without 1ssuance of the
fault message or instructions until the deviation value no
longer lies within the predefined deviation value range.

9. The system of claim 8, wherein the operating data of the
vehicle contain request signals of at least one of the driver,
route data, and vehicle data.

10. The system of claim 8, wherein the monitored at least
one system parameter is a safety-relevant system parameter.

11. The system of claim 8, wherein the mitiated counter-
measure 1s rapid braking.

12. The system of claim 10, wherein the safety-relevant
system parameter 1s the braking power of the vehicle.

13. The system of claim 8, wherein the original theoretical
model 1s an adaptable theoretical model configured to gener-
ate the theoretical vehicle behavior based on operating data of
the vehicle.

14. The system of claim 8, wherein the operating data

includes at least one of acceleration and deceleration of the
vehicle.
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